Descriptions of heavy-ion collisions at Fermi energies require to take into account in-medium dissipation and phase-space fluctuations. The interplay of these correlations with the one-body collective behaviour determines the properties (kinematics and fragment production) and the variety of mechanisms (from fusion to neck formation and multifragmentation) of the exit channel. Starting from fundamental concepts tested on nuclear matter, we build up a microscopic description which addresses finite systems and applies to experimental observables.
Heavy-ion collisions at Fermi energies are open systems which require a non-equilibrium dynamical description when the process should be followed from the first instants. The evolution of the heated system produced in such collisions is determined by the nuclear mean-field potential, as well as by the explicit action of two-body correlations and fluctuations. At large beam energies, when exceeding few hundred MeV per nucleon, those beyond-mean-field contributions become prominent, while the Fermi-energy domain is characterised by the interplay of nucleon-nucleon (N-N) collisions and one-body collective behaviour. In order to exploit both mean-field and beyond-mean-field contributions, the one-body description can be extended in terms of BBGKY hierarchy to include N-N collisions and, as their natural corollaries, isoscalar and isovector fluctuations. N-N collisions affect flow and stopping [1] while fluctuations produce an ensemble of mean field trajectories which reflect in a variety of exit channels and induce fragment formation. This representation is the principle of stochastic TDHF which, in the semiclassical context, is analogous to the Boltzmann-Langevin (BL) equation [2] , written in terms of the one-body distribution function f (r, p, t)
The left-hand side gives the Vlasov evolution for f in its own self-consistent mean field; the right-hand side contains the average Boltzmann hard twobody collision integralĪ[f ] and the fluctuating term δI[f ], both written in terms of the one-body distribution function [3] . Numerical solutions of the BL equation have been worked out in different frameworks. In the regime of small-amplitude fluctuations, a stochastic definition of the initial states is sufficient, while Fermi energies are mostly related to large-amplitude fluctuations. In this latter case, fluctuations can be continuously generated through the collision term: they can be projected on a suited subspace like in the SMF approach [4] or, more efficiently, they can be let develop spontaneously in full phase space from agitating extended portions of the phase space in each single scattering event like in the BLOB approach [5] . The BLOB model constrains the fluctuating term δI[f ] to act on phase-space volumes with the correct occupation variance so that the Pauli blocking is never violated. As a consequence, when tested for unstable nuclear matter [6] , the growth rate of the corresponding (spinodal) unstable modes are connected to the form of the mean-field potential according to the dispersion relation [7] . The propagation of the one-body distribution function is described through the test-particle method; a Skyrme-like (SKM * ) effective interaction [8] is employed, defined according to a soft isoscalar equation of state (of compressibility K = 200 MeV) and a linear (stiff) density dependence of the potential symmetry energy per nucleon (see [9] for details). In order to have some general examples, we use thereafter the BLOB model to simulate collisions of 130 Xe nuclei. This system is chosen because it recalls widely investigated systems in the region from Sn to Xe [10] ; in order to rely on simpler entrance-channel properties, the system is chosen symmetric and along β stability. We investigate firstly central collisions, then we focus on semiperipheral collisions and finally we draw some general prescriptions.
Head-on collisions are investigated in fig. 1 , where density distributions are analysed as a function of time for some events related to different incident energies. Each event samples the most probable mechanism leading to intermediate-mass fragments (IMFs) in the exit channel for the selected incident energy. The event at 32 AMeV shows the arising at early times (from 100 to 200 fm/c) of a pattern of several almost-equal-size inhomogeneities in the density landscape. These undulations reflect a spinodal behaviour [11, 12] , i.e. a condition of mechanical instability where the size of the emerging blobs reflects the leading instability mode of the dispersion relation. At later times, if the radial expansion is not sufficient, the equalsize inhomogeneities may reaggregate producing a less symmetric pattern and a small multiplicity of fragments. In such chaotic process, the competition between these two antagonist tendencies, the disintegration into several pieces driven by spinodal instability on the one hand, and the action of the attractive nuclear force which tends to bond fragments together, imposes that different exit channels are favoured depending on the bombarding energy. The event at 23 AMeV shows for instance a highly frustrated fragmentation resulting into an almost complete re-aggregation, so that the final exit channel appears as a very asymmetric binary split. It was argued that a similar mechanism also appears in spallation reactions induced by protons and deuterons on heavy nuclei in the 1AGeV range [9] . The spinodal signal, imparting fragment-size symmetry, becomes prominent in the event at 40 AMeV and fades at larger bombarding energies (i.e. the event at 56 AMeV). Within this same approach, the analysis of a statistics of exit channels connected to a given set of initial conditions could reveal phase-transition signals in central collisions [5] . Fig. 2 investigates semi-peripheral collisions sampling the most probable mechanisms of IMF production for the selected incident energy. At 15 AMeV the typical mechanism where IMFs are produced is the formation and separation of a neck region in a rather long process. At larger bombarding energies the neck gradually transforms into a diluted midrapidity region where more than one blob can form. At 23 AMeV the process is still long and the separation of more than one IMF is too rare. At 32 AMeV neck fragmentation producing two or more IMFs becomes a favoured mechanism. In less peripheral collisions (i.e. b = 7 fm) IMFs arise close to the centre of the midrapidity region and they are repelled at large angles with respect to the collision axis, while in more peripheral collisions (i.e. b = 8 fm) at the same bombarding energy two IMFs tend to form in the proximity of the quasiprojectile (QP) and the quasitarget (QT), respectively; in this case, the IMFs may orbit around the QP or QT and be eventually pulled outside of the collision axis with forward angles. These exotic mechanisms were suggested in refs. [13] . The neck process has been widely investigated especially for its connection to the isospin migration mechanism [14] : this process, driven by density gradients, induces neutron currents from the QP/QT regions towards the diluted midrapidity region where the neck forms. As illustrated in fig. 3 for an event at 15 AMeV, the consequence is the prominent neutron enrichment of the neck fragment with respect to the QP and QT, which were chosen along β-stability; in this situation, the hot neck fragment neither succeeds in de-exciting towards the residue corridor, nor it can approach β-stability.
Samples for the most probable fragment configurations at 300 fm/c for the system 130 Xe+ 130 Xe as a function of incident energy and impact parameter are collected in fig. 4 , where all transitions between the different mechanisms discussed above can be followed. More quantitatively, the corresponding map of mean multiplicity M frag (Z > 4) of fragments with Z > 4 as a function of the impact parameter and incident energy is shown in fig. 5 (top left) , from analysing a statistics of about 3500 events: projections on the two coordinates are also shown in the lower the panels. To build the map of fig. 5 the multiplicity of fragments was extracted at the time when its mean value stops growing. The right panel illustrates for some systems that such saturation time can be extracted from analysing the time evolution of the mean multiplicity M frag of fragments with A > 1.
The semiperipheral collisions lead to neck formation. A transition from ternary channels to events with more than one IMF at mid-rapidity appears when moving to larger bombarding energies (above about 30 AMeV) and smaller impact parameters (below about 8 fm).
In conclusion, we find that a stochastic one-body approach can efficiently apply to dissipative collisions in the Fermi-energy domain, giving hints on the fragment production, the thresholds between different mechanisms, the variety of exit channels and the related isospin properties. In particular, we may signal the mechanism of frustrated fragmentation arising from a competition between spinodal instability and mean-field resilience: this process can describe the low-energy threshold of multifragmentation and its possible 
